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Introduction
Starch, the main plant storage polysaccharide, depending on its botanical origin, is accompanied by small amounts of compounds such as proteins, lipids and phosphorus.
Lipids are a major non-starch component of cereal starches [1] [2] . Depending on their location in the grain, they can be classified into one of three classes: non-starch, surface and interior lipids. Non-starch lipids which consist of triglycerides, diacylglycolipids and phospholipids, form in the membrane and endospores' spherosomes and loosely link to the starch grains [3] . The most important group of wheat starch lipids is lysophospholipids, among which lysophosphatidylcholine (LPC) determines the greatest part. The amount of it may be up to 70% -90% of total lipids. During isolation of starch grains swelling may occur, resulting in absorption of free fatty acids and monoacyl lipids into the internal layers of grains. Hence, non-starch lipids are described as external lipids of starch [3] [4] .
Triglycerides, free fatty acids, glycolipids and phospholipids belong to the fraction of starch surface lipids. They contain a greater amount of monoacyl lipids, compared with non-starch lipids, which simplify the formation of amylose-lipid complexes on the surface of starch grains [5] .
Internal starch lipids are located inside the intact cereal grains of starch. These are mainly monoacyl lipids, namely free fatty acids and lysophospholipids, which may exist as complexes with amylose in native starch [6] .
In the process of milling grain, due to starch grain damage, part of proteins, which are in its interior are adsorbed on the surface of the starch. These proteins bear a common name of surface proteins [7] .
There are two basic types among the proteins associated with starch: storage proteins (gluten, gliadin) and SGAP proteins (starch-granule-associated proteins), which differ from the storage proteins and are closely associated with the surface of starch grains and form its integral part. These proteins are a different type of polypeptides than the storage proteins. By means of gel electrophoresis (SDS-PAGE) 10 major polypeptide chains are separated which molecular masses in the range from 5 to 149 kDa. Considering the molecular mass, these proteins can be divided into 2 groups: one group of surface proteins with masses ~5, 8, 15, 19 and 30 kDa and the other group of interior proteins with high-molecular weight ~60, 77, 86, 95 and 149 kDa. In addition to the above, there are two types of proteins with a molecular mass of 100 and 105 kDa, which are unique to the species Triticum [7] .
This group of proteins in mass close to 15 kDa is called friabilins, (from the English word "friable") [13] , which is associated with their presence on the surface of starch grains of soft wheat varieties. Much less friabilins are found on the surface of starch grains of hard wheat, whereas their presence isn't found on the surface of starch from durum wheat. These proteins are also referred to as a specific marker for grain softness. The group of these proteins belongs puroindoline a and b and GSP-1 (grain softness protein) [8] . Among the proteins present on the surface of the starch the specific proteins involved in lipid binding are also distinguished. These two proteins are mainly non-specific lipid transfer protein (nsLTPs) and puroindoline [9] . Binding puroindolines with lipids on the surface of starch granules is related to the adhesion between starch granules and protein matrix, which also affects the properties of wheat endosperm [10] . Two types of interactions between puroindolines and lipid membrane were found-hydrophobic interactions between residues of tryptophan and the end of the lipid and the electrostatic interaction between residues of arginine/lysine in tryptophan rich domain and the main phosphate groups of lipids [10] [11] .
It is believed that the polar lipids present on the surface of the starch are involved in interactions between proteins and starch [11] [12] .
According to Oda and Schofield [14] , participation of lipids in binding of proteins may be indirect (lipids act as a bridge between starch and protein) or direct (lipids may cause conformational changes of proteins, allowing them to be associated with starch). Negatively charged lipid increases the strength of interactions between puroindoline and lipids, and secondary structure of puroind oline doesn't change due to the interaction with lipids [15] . Determinants of binding and affinity of lipids to proteins are length of lipid alkyl chain, electrostatic charge and participation of hydrogen bonds. According to this model, a gradual increase of hydrophobicity within the tryptophan domain, causes a binding of a growing number of lipids. Research of Kooijmani et al., [15] , confirmed the participation of tryptophan domain in the binding of lipids in which the most important role was played by the domain structure.
The hardness of wheat has a significant impact on the quantity and qualitative composition of polar lipids present on the surface of starch [4] . Polar lipids studied by Greenblatt, Bettge and Morris [11] have been bound mainly on the surface of starch grains of soft wheat varieties, but they were not on the surface of starch from hard wheat varieties. However, these lipids were present in much larger quantities (more than 10-fold) in the intact grains of wheat, both soft and hard. Morrison, Law, Wylie and Coventry [15] and Morrison and Laignelet [16] showed that the presence of free lipids in the endosperm of wheat was also correlated with the hardness of its grain (an increase of free lipids was associated with a decrease in hardness). Noteworthy is the phenomenon of repetition of the same pattern in the case of friabilins and polar lipids that are present in the starches isolated from soft wheat, while in the hard wheat starches only small quantities were found. Polar lipids beside friabilins may thus become a specific marker of soft grain.
The hardness of wheat grain determines conditions of grain milling and directions of processing of flour and starch. Knowledge of the factors determining the characteristics of isolated starch can help in choosing appropriate processing conditions and directions of use of obtained material, so the product obtained after starch hydrolysis will have better properties.
Starches from soft wheat are characterized by a lower degree of damage, in contrast to starch from hard wheat grains, which makes them more susceptible to enzymatic hydrolysis.
Previous research [17] indicated that quality and quantity of lipid compounds in starch had a significant influence on the physicochemical properties of derived glucose hydrolysates depending on the variety of wheat. High amounts of starch lipids negatively influenced filtration properties, the degree of saccharification, color and transparency of obtained hydrolysates. The presence of lipids in starch affected its susceptibility to amylolytic enzymes, closely related to the quality of hydrolysates.
Based on the initial characterization even only qualitative and quantitative composition of the lipid fraction of starch can be pre-predict if the starch obtained from the wheat grain of a certain hardness is suitable for the preparation of the glucose hydrolysates.
The aim of this study was, therefore, the attempt to determine the suitability of these starches to obtain glucose hydrolysates, on the basis of preliminary analysis of the quality and quantity of starch surface lipids in dependence of hardness of wheat. The analysis would enable to predict the physicochemical properties of hydrolysates and the process of hydrolysis itself. Both, the process and chemical composition of starch, determine susceptibility of starch grains to the amylolytic enzymes, which reflects the glucose hydrolysate filtration speed, degree of saccarification, color and transparency.
Materials and Methods

Raw Materials
Raw materials used for the study were starches isolated from four wheat varieties with different degrees of hardness, collected in 2006. Wheat varieties STH, Tonacja and Sukces from the Department of Plant Breeding Strzelce and wheat variety Bombona from Danko Plant Breeding Institute in Poland were used.
Grains of wheat, from which the analyzed starches were obtained, were tested for hardness, using for this purpose the Single-Kernel Characterization System 4100 (Perten Instruments) SKCS method. Hardness measurement was made on 300 individual grains in triplicate. After milling the grain, starches were isolated from flours by applying Martin's technology [18] (starch washing with tap water from a thick dough in a weight ratio of flour to water 2:1).
Starches were characterized by dry matter content [19] , total protein using Kjeldahl method [20] , total surface protein and puroindoline fractions and internal protein [21] . In order to determine the fraction of total surface protein in the starch the samples were subject to extraction using 2% solution of SDS for 30 minutes, at room temperature (10 cm 3 2% SDS in water for 1 g of starch). Starch was recovered by centrifugation of suspensions at a speed 3600 rpm within 5 min. The supernatant was discarded, starch was washed twice with water and dried in air. Thus obtained starch was used to determine the amount of protein remaining after extraction. Total protein on the surface was calculated from the difference of total protein in starch and after extraction with 2% water solution of SDS.
The fraction of puroindoline type proteins on the surface of starch was determined by earlier subjecting starch to extraction using a selective solvent for this group of proteins, i.e. a mixture of 50% water solution of isopropanol and 0.05 N NaCl in 1:1 ratio (10 cm 3 mixture per 1 g starch) at 45˚C during 1 hour [21] . Starch was recovered by centrifugation and dried as described above; its protein content was analyzed by Kjeldahl method [20] . Based on these results, percentages of each protein fraction respect to total protein were calculated.
Total lipids content and the internal lipids were determined by Soxhlet Weibull method with acid hydrolysis [19] , after prior extraction of surface lipids from wheat starch by 65% aqueous propanol solution at room temperature (30 min, 1 g of wheat starch in 20 cm 3 propanol, centrifuged at a speed of 3600 rpm within 5 min, starches were washed twice with distilled water, centrifuged again and air dried at room temperature). The amount of lipids on the surface of starch granules was calculated from the difference between the total lipid content and the internal lipids of starch granules. Also phosphorus was determined using atomic absorption spectrophotometry method. Starches were mineralized with a mixture of concentrated acids: sulfuric and nitric (1:1) using 60 cm 3 /10g of starch [22] . The total pentosan content was determined by colorimetric method [23] and the apparent amylose with DMSO [16] .
The Study of Co-Occurrence Protein and Lipids on the Surface of Wheat Starch Granules Depending on the Hardness of Wheat Grain
For this purpose, indirect methods were used, i.e. by determining the qualitative composition of the lipid fraction of starch grains by thin layer chromatography method TLC and gel electrophoresis SDS-PAGE.
Extraction of Lipids
Free lipids (external), bound (surface) lipids, and internal lipids were isolated as was described earlier [11] . All obtain crude extracts were dried with nitrogen at room temperature and used for further analysis.
Separation of Lipid Fractions
Group separation of surface (bound) lipids was accomplished using procedures described earlier [11] using unmodified silica gel column Chromabond ® (500 mg of silica gel with volume 3 ml, Macherey-Nagel, Düren, Germany) installed on SPE system 12G (Mallinckrodt Baker, Griesheim, Germany). All eluted lipids fractions were evaporated under N 2 gas at room temperature and used for further analysis.
Chromatographic Analysis of Lipids
The crude extracts of a surface lipids as well as its fractions obtained in SPE method (neutral lipids, glycolipids and phospholipids) were redissolved in chloroform and methanol (1:1, by volume) to a final concentration of 60 mg starch equivalents per microliter and were chromatographed on precoated thin-layer silica gel G plates (20 × 20 cm) (Macherey-Nagel, Düren, Germany). The plates were prewashed by vertical development for 19 cm with chloroform and methanol (1:1, by volume) to remove impurities and air dried at room temperature. The plates were spotted with 5 μl of appropriate lipid solution per lane.
The neutral lipids and glycolipids were separated as was described earlier [11] . The phospholipids were separated in chloroform/methanol/acetic acid/distilled water (60:50:1:4, by volume) [24] .
After development, the plates were air dried and the spots on the plates were visualized by iodide. To detect amino-lipids, the TLC plates was sprayed with 0.25% ninhydrine in acetone and then heated at 110˚C [25] . Glycolipids were detected by spraying by 0.1% orcinol in H 2 SO 4 /methanol (20:80, by volume) followed by heating at 120˚C [26] . Sterols and sterol esters were detected by spraying with 0.05% FeCl 3 × 6H 2 O solution in 5% acetic acid/5% H 2 SO 4 and then heating at 100˚C for 3 min [27] .
Determination of the Composition of the Fraction of Surface Proteins
Determination of the qualitative composition of the fraction of surface proteins in the native starch was performed by gel electrophoresis SDS PAGE [28] .
The study was based on confirmation of the presence of surface proteins, in particular friabilins (puroindolins) with a molecular weight of about 15 kDa, in the starch grains of different wheat varieties, depending on the hardness of grains [28] . Vertical electrophoresis was carried out using the omni PAGE Maxi Cleaver Scientific Ltd. apparatus, the surface of the gel 16 cm × 17.5 cm. Electrophoresis was carried out in denaturing conditions (SDS-PAGE) using polyacrylamide gels-8% loading gel and 12% separating gel. Electrophorograms stained by silver method according to Gromowa and Celis, [29] . For the separation of surface proteins 8% loading gel and 12% separating gel were used. The samples in an amount of 30 μm were applied into the gel wells. Starch weight taken for determination was 200 mg. Standard included proteins' marker with molecular weights: 66 kDa, 45 kDa, 36 kDa, 29 kDa, 24 kDa + 20 kDa and 15 kDa.
Statistical Analysis
The results were evaluated statistically by using analysis of variance and significance test of differences F-Snedecor and T-Student at the significance level of 0.05, using the computer program Statistica 7.1.
Results and Discussion
Types of wheat, from which examined starches were isolated were characterized by degree of hardness. Based on this discriminant value, wheat grains were classified as soft or hard wheat ( Table 1) . STH variety is classified as soft (hardness 15), Tonacja, Bombona and Sukces are considered as hard varieties (hardness, 72, 73, 63 respectively). Table 1 contains a complete characterization of selected wheat varieties for testing. Three of them are winter varieties (STH, Tonacja, Sukces), and spring variety (Bombona). STH wheat variety is not yet entered into the register of varieties, the other three already are.
Tonacja and Sukces belong to the technological value group A, while Bombona to E.
The results of the analysis of chemical composition of starches derived from selected for testing wheat varieties with different degrees of hardness are given in Table 2 .
Statistical analysis examined the chemical composition of starch indicates the presence of significant differ depending on the hardness of wheat from which starch is derived. Starch from soft wheat variety-STH significantly different from the rest in terms of the protein content, surface and internal lipids, starch, amylose, pentosans and phosphorus. This confirms the significant influence of wheat hardness on the chemical composition of isolated starch.
Starches derived from examined wheat cultivars have a dry weight in the range of 89.14% for Sukces to 90.17% d.m. for Tonacja. These differences may be related to the degree of starch damage. From the soft grains, starch granules are obtained with less damage, meaning it absorbs less water than the starch derived from hard grains, however the results do not confirm this dependency. Research carried out by other authors [30] shows that lipids are a significant part of non-carbohydrate components of wheat starch, up to 1% by dry weight.
Depending on the variety and hardness of wheat from which starch came from, total lipid content ranged from 0. These data show, that in the case of total lipid fraction there is no clear differentiation in the amount of total lipids in starches derived from wheat of different hardness. However, much greater differentiation between starches isolated from soft and hard wheat is visible in the fraction of lipids adsorbed on the surface of starch grains. Starches isolated from soft wheat varieties, i.e. STH contain higher amount of starch surface lipids. It can be seen, that knowledge of the quantity of total lipid fraction of starch does not fully reflect the impact of the hardness of wheat on the diversity of this factor. Only starch surface lipids content confirm the strong influence of wheat hardness on isolated starch composition.
The next carbohydrate components analyzed in starches were pentosans. The contents of total pentosans in all tested starches remained at a similar level of 0.60% dry weight. Although in the case of starch from soft wheat varieties slightly higher levels of this component than in the case of hard varieties were observed.
In the case of apparent amylose content the influence of hardness of wheat grain was also observed. For the starch isolated from wheat variety STH (soft), it was about 2% higher than in the starches from hard wheat varieties.
The resulting analysis shows that the total phosphorus content in starch from hard varieties ranges from 379.47 mg/kg for Tonacja variety through 430.91 mg/kg for Bombona wheat to 534.66 mg/kg for Sukces wheat, while for the soft variety STH it is equal to 477.63 mg/kg. Based on the amount of phosphorus in starch one can conclude about the amount of lysophospholipids (its amount can be calculated from the amount of phosphorus in the batch). Starches which have a larger amount of phosphorus also contain a greater amount of lysophospholipids that may be associated with their surface or inside as an amylose-lipid complex or occur in free form, not bound in a complex with amylose.
The tested starches were also characterized in terms of total protein content of. Significantly higher amount of this component was observed in starch from STH soft wheat variety, average about 40%, compared to starch from tested hard wheat varieties.
After using the selective solvent extraction of starch for each group, the percentage of surface and internal proteins in the fraction of total protein was calculated (Figure 1) .
Based on the obtained results it was observed that starch from soft wheat variety (STH) contained a larger percent of the surface protein fraction in the fraction of total protein, than other wheat cultivars, characterized by higher grain hardness. In the case of starch from Bombona wheat variety, protein on the surface was not adsorbed. Thus, the influence of wheat hardness on starch chemical composition, can be seen. On the surface of starch granules isolated from hard wheat varieties an average of 40% to 70% less protein (Tonacja and Sukces respectively) was adsorbed compared to the surface of the starch granules of soft wheat varieties-STH. Results shown in Figure 1 indicate that most of the surface protein fraction in starch arepuroindolins.
The content of surface lipids in starches derived from typically soft STH wheat varieties (0.36%, Table 2 ) was significantly higher, by about 35%, than for starch obtained from wheat characterized by higher hardness. It can therefore be hypothesized that the higher content of surface proteins and lipids in starches from soft wheat varieties are closely correlated and interdependent. This may result from the existence of connections of proteins with lipids and their interactions on the surface of starch grains. A similar hypothesis was proposed by other authors [11] [30] .
Starches were analyzed for the presence of surface proteins with a mass of approximately 15 kDa and surface lipids, mostly glycolipids and phospholipids fractions, as determinants of quality of enzymatic glucose hydrolysates derived from these starches. Ongoing research aimed at explaining the role of specific polar lipids on the surface of starch granules in the binding of proteins to the surface of these grains. Selected starches derived from typically hard and typically soft wheat, clearly differed in protein and surface lipids content.
Presented electrophorogram (Figure 2) indicates the presence of significant amounts of protein with a molecular weight approximately 66 kDa in all tested cultivars of wheat. Color of track no. 4 on the entire length of the plate indicates the presence of maximum number of surface proteins in starch from STH (soft) wheat variety. Moreover, the greatest intensity of color band indicating the presence of protein from a group of friabilins (puroindolins) with a molecular weight of 15 kDa was observed for starch from this wheat variety. These results are related to the low value of hardness of STH wheat ( Table 1) . For starch isolated from hard wheat varieties Tonacja, Sukces and Bombona only very small amounts of friabilin fraction were present on the presented electrophorogram.
This confirms that the amount of surface protein fraction is directly proportional to lipids present on the surface of starch grains. It was shown that surface lipids in starches from hard wheat varieties were present in much smaller quantities than on the surface of the starch grain.
Chromatographic analysis of surface lipids fractions in wheat starches. Starch grain surface lipids of examined starches were isolated and analyzed using Thin Layer Chromatography (TLC). The representative thin-layer chromatograms of crude lipid extract provided in different solvent system are presented as Figure 3 .
Staining chromatograms of crude extract of surface lipids showed the presence of neutral lipids, including sterols (Figure 3(a) ) and large amounts of glycolipids (Figure 3(b) and Figure 3(c) ). There were no qualitative differences in lipid composition between the hard (Bombona, Tonacja and Sukces) and soft (STH) varieties. Slight staining was observed in the chromatogram in the solvent system for phospholipids (data not shown) indicating a small quantity of these compounds in the investigated starches. The presence of significant amounts of staining compounds for glycolipids is indicated by the amount of spots in path 4 on The crude extract was separated on a column of silica gel resulting in three fractions containing neutral lipids, glycolipids and phospholipids. The results of representative TLC are expressed as Figure 4 .
The presence of neutral lipids has been demonstrated in all analyzed grains of starch (Figure 4(a) ). It seems that the amount of such lipids is similar of both hard and soft varieties. Unexpected is weaker spot color for variety's Sukces, compared to other hard varieties. In contrast to the chromatograms of crude extracts of surface lipids, chromatographic separation of phospholipid fraction after SPE method shows the presence of small amounts of aminolipids (Figure 4(b) ). Just as in the case of neutral lipids it seems that the amount of aminolipids is similar of both hard and soft varieties. As in the case of chromatograms of crude extracts surface lipids, the largest amounts of lipids were observed in the fraction of glycolipids (Figure 4(c) ). Analysis of the obtained chromatogram showed, that the variety of soft starch grains (STH) contains a greater amount of glycolipids, as well as their greater variation in quality compared to the varieties of hard (in the chromatogram observed more strongly stained spots).
Chromatographic analysis of surface lipids of tested starches indicates that the highest content of lipids (especially glycolipids) was found in the starch fraction of STH (soft) wheat variety, while the smallest amount of surface lipids was observed for starch of Sukces wheat variety (a typically hard wheat). In the starch from Sukces wheat variety (hard wheat) the amount of surface lipids was negligible and the proteins from the friabilins/puroindolins group were not observed on the surface. In other starches (from varieties of hard wheat) the presence of various lipid fractions was observed, but the stain bands on the chromatograms were clearly less intense than in the case of starch from STH wheat varieties (soft wheat variety).
Analysis of chromatograms and electrophorogram indicated the presence of significant amounts of surface proteins and lipids in starch from STH wheat variety (soft). In addition, there was no presence of proteins from friabilins/puroindolins group on the surface of grains of hard wheat starch (the other tested varieties), simultaneously the amount of surface lipids in these starches was negligible.
It is known [11] , that the amount of both, surface lipids and proteins from friabilins/puroindolins group is very low in starches isolated from hard wheat varieties. It is believed that the presence of friabilins on the surface of the soft starch grains is associated with the presence of polar lipids, as indicated by theneed to use the appropriate solvents (SDS, propanol-salt) capable of breaking polar bonds between proteins and lipids to isolate friabilins [11] .
Previous studies showed, that puroindolins Pin a and Pin b, belonging to the friabilin family, proteins with a molecular weight close to 15 kDa, bind lipids [12] . Dubreil, Compoint and Marion [12] and Wanjugi, Hogg, Martin and Giroux [31] , pointed to the existence of differences in the ability to bind lipids between puroindolin isoforms (Pin a and Pin b). Pin a may closely bind both phospholipids and glycolipids on the surface of wheat starch. Pin b may interact with negatively charged phospholipids forming stable connections, but with glycolipids it can only form loose complexes. Ionic, hydrogen and hydrophobic bonds stabilizing puroindolin-polar lipids complexes and the presence of tryptophan domain is necessary for the interaction between the neutral polar lipids and PIN a to be possible [12] .
Research conducted by Feiz et al., [30] confirm the relationship between gene expression (Pin) conditioning the presence of proteins from friabilin family and the presence of glyco-and phospholipids in starch grain. A number of evidence indicates that these genes directly affect the amount of polar lipids. There are many indications that the active surface proteins stabilize the polar lipids present there and prevent their decay, which occurs during grain ripening.
Results obtained in the course of the study also clearly indicate that the presence of polar lipids (glycolipids and phospholipids) on the surface of starch is related to their role in the binding of surface proteins fractions (friabilins) to the starch grains. Previous studies did not fully explain the role of surface lipids in the binding of proteins to the surface of starch, thus reasonable seems to conduct further analysis in this direction.
Conclusions
Analysis of chemical composition of starch grain surface can form the basis for the production technology of starch hydrolysates. The results of the analysis of starch composition (in terms of wheat grain hardness), determine the directions of its further processing. It was showed that starch properties, are among others, caused by the wheat grain characteristics, such as hardness. On the basis of obtained results concerning starch surface proteins and lipids, it can be determined whether the starch of the given wheat variety would be suitable for the preparation of hydrolysates with good physico-chemical properties.
The presence of lipids and proteins on the surface of starch grains affects their susceptibility to amylolytic enzymes, which is closely related to the quality of the hydrolysates. Initial quantitative and qualitative analysis of lipids and proteins on the surface of wheat starch grains, makes it possible to predict whether the type of starch obtained from wheat grain at a specified hardness will be useful for the preparation of glucose hydrolysates with good physicochemical properties.
Non-carbohydrate compounds present on the surface of starch grains (mainly lipids and proteins) have a negative impact on the properties of glucose hydrolysates. Research conducted by Nebesny, Rosicka-Kaczmarek and Tkaczyk [17] indicated that starches without surface compounds were better materials for the preparation of hydrolysates, as demonstrated by their improved properties, such as the sacharification degree, filtering time, color, hue and transparency.
Conducted research is therefore reasonable and should be continued because they can greatly facilitate the choice of suitable varieties of wheat, based on knowledge of their hardness, to isolate starch, from which hydrolysates with the best physicochemical properties may be obtained. These tests are inexpensive, not laborious and do not require big costs, and as results show they can serve as reliable information on the directions of the suitability of starch for further processing.
